area obtusely rounded, middle of apical area with a sharp angle, all margins bear 3 7 minute setae; distal extension of antennal axis with sparse setae on the surface, 3 8
proximal extension of antennal axis with dense setae on the surface, proximal margin 3 9
with strong keratin thickening (Figs. 1, 2E, 4) . Fourth antennal segment triangular, 4 0
3.15 mm long and 2.49 mm wide, basal area obtusely rounded, apical area a long arc, 4 1 all margins with minute setae (Fig. 1, 2F) ; distal extension of antennal axis with 4 2 sparse setae on the surface (Figs. 2G), proximal extension of the antennal axis with 4 3 dense setae on the surface (Fig. 2H ), proximal margin with strong keratin thickening 4 4 ( Fig. 2I) . 1 Pronotum trapeziform, center with shallow longitudinal groove, length 0.65 mm 2 and width 0.57 mm (Figs. 1, 3A, 4) . Mesonotum trapeziform, center with shallow 3 longitudinal groove, length 0.49 mm and width 0.58 mm; lateral margin bearing 4 forewing bud, long ovoid, length 0.65 mm and width 0.21 mm, basal area narrow, 5 apical area narrowly rounded, posterior margin surpassing anterior margin of the 6 metanotum, overlapping with the basal area of the hindwing bud (Figs. 1, 3A-B, 4) . 7 Metanotum transversely wide, anterior margin nearly fused with posterior margin of 8 mesonotum, length 0.39 mm and width 0.67 mm, lateral margin with hindwing bud, 9 basal area wide, apical area narrowly rounded, posterior margin not reaching the 1 0
anterior margin of the first abdominal tergite, length 0.34 mm and width 0.24 mm 1 1 (Figs. 1, 3A-B, 4) .
Fore femora cylindrical and slightly thick, length 1.98 mm. Fore tibiae narrower 1 3 than the femora, length 2.03 mm. Fore tarsi with two segments, apices with two claws, antennator (Fabricius, 1803) (Fabricius, 1803) . In addition to the similarities and 2 8 differences documented in the Remarks section for the genus, the third antennal 2 9
segments of both species are obovately dilated, with a width more than one-third of 3 0 the length of the segment and the apex with an obvious angle. However, M. wuae gen. 3 1 et sp. nov. does not have a notch at the apex of the third antennal segment, and the 3 2 length ratio of each antennal segment from the first to the fourth is 42:188:217:315. In 3 3 contrast, C. antennator has a conspicuous notch at the apex of the third antennal 3 4 segment, and the length ratio of each antennal segment from the first to the fourth is 3 5 105:83:60:51 (Fracker, 1919; Ruckes, 1955) . Therefore, M. wuae gen. et sp. nov. is 3 6
sufficiently distinct from C. antennator to justify erection of a new genus and species. Taxonomic status of the nymph specimen preserved in amber 4 0
The extremely extended and oversized antennae distinguish the new coreid from all 4 1 other previously known fossil and extant species, even based only on the single 4 2 nymph available to us. In addition to the Coreinae, the Coreidae includes three other 4 3 subfamilies. We can rule the nymph out of them by the following characteristics: The 1
Hydarinae are recognized by possession of a third antennal segment that is more than 2 twice as long as the second segment, anterior and posterior lobes of metathoracic 3 peritreme that are completely separated (Brailovsky, 2010) ; The Meropachyinae are 4 characterized by a distal tooth or spine on the hind tibia, a curved and usually strongly 5 incrassate hind femur (Brailovsky and Barrera, 2009); The Pseudophloeinae are 6 distinguished by a granulated surface of the pronotum, scutellum and hemelytra, with 7 each granule bearing small adpressed setae (Hamouly et al., 2010) . All previous fossil 8 examples of Coreidae have been reported from rock impressions, and are generally 9 poorly preserved. The coreid nymph specimen preserved in amber described in the 1 0
present study most likely belongs to the subfamily Coreinae owing to the following 1 1
features: third antennal segment only slightly longer than second segment; hind tibia 1 2 not curved and without prominent tooth or spine distally; and pronotum smooth and 1 3 not granular. This is the first report of a leaf-footed bug in amber and the second 1 4
representative of the Coreoidea preserved in amber, enriching the known species 1 5 diversity of the group during the Cretaceous period. 1 6
Heteropteran nymphs generally have five instars, which typically resemble adults 1 7
in their morphological appearance and living environment, except that they are 1 8
generally much smaller and softer than adults, they have paired scent glands located 1 9
on the dorsal abdomen, and the number of tarsal segments is one less than that of 2 0 adults (Panizzi and Grazia, 2015). Wing buds appear in the third instar, and external 2 1 genitals and ocelli can be observed in the fifth instar (Schuh and Slater, 1995) . We 2 2 regard this new specimen as a nearly fourth instar nymph because of the following 2 3
features: posterior margins of the hind buds not reaching the anterior margin of the 2 4 first abdominal tergite; ocelli absent; scent glands located on the dorsal surface of the 2 5
abdomen; tarsi two-segmented; and genitalia not developed (Schuh and Slater, 1995) .
Both nymphs and adults of modern Chariesterus, Dalader, and Thasus in Coreinae 2 7
have the similar expansion on the third antennal segment, but are significantly 2 8 different from the new species ( 2008). The first antennal segment of the nymph described here is robust (Figs. 1, 2A, 3 0 C, 3A, 4); the proximal extension of the antennal axis extends from the second to 3 1 fourth segment with dense setae on the surface; and the proximal margin exhibits 3 2 strong keratin thickening (Figs. 1, 2A, D-I, 3-4); the fourth antennal segment is more 3 3 prominent than the third segment (Figs. 1, 2A, E-F, 3-4). Therefore, the antennal 3 4 expansion should have persisted in the adult stage. This discovery demonstrates that 3 5
the antennal expansion of the Coreidae originated at least 99 million years ago. 3 6 3 7
Antennal expansion and long-distance chemical communication 3 8
Antennal specialization plays a vital role in the adaptive evolution of Coreidae. Along 3 9
with the flourishing of angiosperms, the species diversity development of coreids 4 0 increased the competition for survival factors among them (Fisher and Watson, 2015) .
The antennae sensory hairs are mainly located on the distal segment of the antennae in 4 2
coreids (Pekár and Hrušková, 2006) . The expanded antenae undoubtedly increase the 4 3 superficial area of the antennae and enhance the sensory function and efficiency of the 4 4 antennal sensor for potential host plants (Krogmann et al., 2013; Liu et al., 2018a) . In 1 addition, younger instars are generally gregarious in coreids (Prudic et al., 2008; 2 Panizzi and Grazia, 2015). Expansive antennae may enable them to receive signals 3 from other conspecifics quickly and accurately, which is beneficial to each individual. 4 The nymph owns the modified antennae, which can identify host plants and mates 5 more efficiently and quickly, improving intraspecific and interspecific 6 competitiveness. 7
The family Coreidae have the expansive antennae, which are relatively common 8 (uniform and slight expansion of all antennal segments or partially segment, 9 alternatively, only obvious expansion occurs on the third antennal segment) in living 1 0 insects ( Fig. 5 ). However, there was no extension of any form in Mesozoic. Based on 1 1
reports of modern species, the antennae are likely to still exist during adulthood. We 1 2 speculate that the exaggerated and exquisite antennae may be associated with sexual 1 3 selection during the adult. Furthermore, the extremely expanded antennae may 1 4 become a key factor in long-distance locating of the opposite sex by sensing the sex 1 5
pheromone. 1 6
In summary, our finding indicates that the coreid has long-term chemical 1 7
communication capabilities during the Cretaceous period. It is also the first discovery 1 8
of long-distance chemical communication in the Cretaceous Hemiptera. This is an 1 9
adaptive behavior, the result of natural selection (Fig. 6 ). The only other known 2 0
hemipteran fossil with expanded antennae are lace bugs (Insecta: Heteroptera: 2 1
Tingidae), which dates from the Early Eocene and deposits in the Green River 2 2
Formation (Wappler et al., 2015) . Antennal expansion and defense behavior 2 5
Camouflage is a common behavior in insects and can effectively reduce the 2 6
probability of an individual being detected by a predator, and increase the chances of defensive mechanisms in Hemiptera have significant impacts on reducing encounters 3 0 and avoiding predators, for example, species of Phloeidae can camouflage themselves 3 1
as a piece of lichen on a tree (Panizzi and Grazia, 2015) .
Some body parts can regenerate or are expendable. In the face of strong predation 3 3 pressure, these body parts can attract a predator's attention and protect the vital parts 3 4 from damage. This defense mechanism has evolved independently for multiple body 3 5 parts in many animals (Maginnis, 2010). A high incidence of structure loss and 3 6 regeneration in insect appendages, such as the legs, antennae and cerci, a process that For the nymph described in this article, it's probably simulating a branch with 4 0 leaves in stationary. Exaggerated antennae may have been a powerful tool to focus the 4 1 attention of a predator on the antennae rather than on the head or any other part of the 4 2 body in motion, thus avoiding a deadly attack. The nymph is similar to some extant 4 3 coreids, in that the leaf-like broadened antennal segments and hind tibiae may have 4 4 breaked up and attracted the attention of a predator to the expendable appendages 1 (Schuh and Slater, 1995) . Molting behavior in the nymphal stage provides a greater 2 possibility for regeneration of antennae (Leston, 1957) . The exaggerated antennae of 3
Magnusantenna wuae gen. et sp. nov. constitute possible evidence for defensive 4 behavior approximately 99 million years ago under natural selection (Fig. 6 ). 5 6
Antennal expansion and sexual display 7 A delicate visual display structure is a prominent signal to attract mates or defeat 8
competitors (Warren et al., 2013) . However, the specialized antennae characteristic is 9 little known in ancient species due to the difficulty preservation in fossil. Currently, 1 0 exceptional structures for sexual display found in fossils include the extremely Some insect antennae reach remarkable sizes. The antennae in katydids, crickets 1 9
and some longhorn beetles are often longer than the body, and the antennae in some 2 0 chafers, moths and mosquitoes are relatively wide in relation to the body (but do not 2 1 exceed the body width). The dilated antennal segment is known in extant coreid adults, 2 2 but most of them only occur in the third segment and not wider than the head 2 3 (CoreoideaSF, 2018; Fracker, 1919; Prudic et al., 2008) . In contrast, in the 2 4
amber-preserved bug nymph specimen described herein, both the length and the width 2 5 of the antennae are greater than the body length and width. In addition, the shape of 2 6 each antennal segment of Magnusantenna wuae gen. et sp. nov. varies greatly, with 2 7 the third and fourth segments especially significantly expanded, unlike those in other 2 8
bugs, in which all segments are similar and mostly longitudinal. Such oversized and 2 9
bizarre antennae (nearly 12.3 times longer than the head and 4.4 times wider than the 3 0 head) are unique in the Heteroptera and rare in Insecta. The leaf-like expansion of the 3 1 hind tibiae and the third antennal segment in modern male coreids is usually used to 3 2 attract mates, and the mating success rate is closely related to male body size (McLain  3  3  et al., 1993; Panizzi and Grazia, 2015) .
Therefore, we suspect that the extremely expanded antennae of M. wuae gen. et sp. 3 5 nov. may be used for sexual display, and the nymph would have developed into an 3 6
adult. This suggests that if we find an adult in the future, the antennae may be larger. This is a case of the emergence of uncontrolled sexual selection characteristics caused 3 8
by positive feedback (Fig. 6 ). The exaggerated antennae may have borne a large 3 9
number of olfactory receptors, enabling the animal to locate females over long Antennal expansion and the causes of disappearance 4 Extremely specialized traits have advantages in long-distance chemical 5 communication, defense and possible sexual display, but the owners have to pay a 6 high price for it at the same time, which increase the possibility of characteristic 7 disappearance. 8 Since the Cretaceous, the prosperity of angiosperms has promoted the rise of 9 herbivorous and carnivorous insects, birds and other animals, which improved the 1 0 diversity and number of competitors and predators of the nymph (Fisher and Watson, 1 1 2015; Labandeira, 2013; Schachat et al., 2019; Xing et al., 2019) . Therefore, the 1 2 survival pressure of the nymph increased dramatically. As far as the exaggerated 1 3
antenna is concerned, it requires more energy to produce and maintain, which may 1 4
increase the probability of disappearance of the characteristic when the external 1 5 environment changes drastically. Moreover, the spectacular antennae are more likely 1 6 to have exposed the individual, increasing the chance of being discovered and preyed 1 7
upon. In addition, the large appendages probably made it move slowly, which would 1 8
have been a disadvantage when fleeing a predator. The combination of these factors 1 9
may accelerate the disappearance of the specialized characteristic (Fig. 6) . Similar  2  0 examples are the exaggerated pod-like tibiae of the Cretaceous dragonfly and the 2 1 extremely elongated abdomens and sexual organs of the mecopterans, these special 2 2 characteristics disappear with the increase of survival pressure later (Wang et al., 2013; 2 3 Zheng et al., 2017). The coreid nymph described herein is preserved in a piece of golden-brown 2 7
Myanmar amber from an amber deposit in the Hukawng Valley of Myanmar. The age 2 8
has been estimated to be ca. 99 Ma (98.8 ± 0.6 Ma; earliest Cenomanian, Upper 2 9
Cretaceous) based on U-Pb dating of zircons from the volcaniclastic matrix of the 3 0 amber-bearing deposit (Shi et al., 2012) . The mining locality is at Noije Bum, near 3 1
Tanai Village (26°21'33.41"N, 96°43'11.88"'E) (Cruickshank and Ko, 2003; Grimaldi 3 2 et al., 2002) . Details of the geology and stratigraphy of the deposit have been 3 3 described in previous publications (Cruickshank and Ko, 2003; Shi et al., 2012) .
The piece of amber was cut, ground and polished to a length × width × height of 3 We are grateful to Century Amber Museum for depositing the specimen. We sincerely 1 thank Max Barclay at the Natural History Museum in London for his valuable 2 comments on our article. We would like to express our gratitude to Mr. Branco, who 3 provided the photos of Chariesterus armatus. This project is supported by the 4 National Natural Science Foundation of China (No. 31830084, 31672336) , and also 5 supported by the construction funds for "Double First-Class" initiative for Nankai 6
University ( 
